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1 Introduction
The experimental challenge of finding new physics in direct search may still
take some time if new particles or their effects set in only at several hundred
GeV. Complementary to these direct signals at highest available energies are
the measurements of the effects of new ”heavy” particles in loops, through
either precision measurements or detection of processes occurring only at one
loop in the standard model (SM). Among these are the transitions induced
by flavor-changing neutral currents (FCNC), such as b→ sγ.
The first observations of the exclusive B → K∗γ and inclusive B → Xsγ
decays were reported in 1993/94 by the CLEO collaboration.1 Skwarnicki
from the CLEOII&II.V reported the recent exclusive branching ratios:1
BR(B0 → K∗0γ) = 4.5± 0.7± 0.3× 10−5, (1)
BR(B− → K∗−γ) = 3.8± 0.9± 0.3× 10−5, (2)
BR(B → K∗2 (1430)γ) = 1.7± 0.5± 0.1× 10−5, (3)
BR(B → K∗(1410)γ) < 12.7× 10−5, (4)
BR(B → K∗2 (1430)γ)/BR(B → K∗γ) = 0.4± 0.1. (5)
The measurements envolving higher resonant K∗-states are still preliminary,
since the error of∼ 100MeV in the final-state mass spectrum of means that we
do not know what resonant state has been observed1. This year, CLEOII&II.V
collaborations have also reported the inclusive branching ratio
BR(B → Xsγ) = 3.15± 0.35± 0.41× 10−4. (6)
Using the latest results for inclusive and exclusive branching ratios (BR) , we
have obtained the following central value for the so-called hadronization rate:
RexpK∗ ≃ 13%. Note here that Skwarnicki has also reported preliminary results
for exclusive modes based on the quark b→ dγ electroweak transition:1
BR(B0 → ρ0γ) < 4× 10−5;BR(B0(−) → ω(ρ−)γ) < 1× 10−5.
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2 NNL QCD Corrected b→ sγ Transition
The b→ sγ process is a one-loop electroweak process, where the extra gluon
exchange (QCD corrections) changes the nature, i.e. the functional structure
of the GIM cancellation:2 (m2t −m2c)/m2w → ln(m2t /m2c).
In the standard model, B decays are described by the effective Hamilto-
nian obtained by integrating out the top-quark and W -boson fields:
Heff∆B=1(b→ sγ) =
GF√
2
VtbV
∗
ts
8∑
i=1
ci(µ) Oi(µ), (7)
where ci’s are the well-known Wilson coefficients. The SM theoretical predic-
tion, up to Next-to-Leading Order (NLO)3 in αsln(mw/mb), is considerably
larger than the lowest-order result.4 Buras et al.5 performed a new analysis by
using expansions in powers of αs and reported a slightly higher, short-distance
(SD) result: BR(B → Xsγ)NLO = (3.60± 0.33)× 10−4.
3 Exclusive Radiative B Decays
Exclusive modes are, in principle, affected by large theoretical uncertainties
due to the poor knowledge of nonperturbative dynamics and of a correct
treatment of large recoil-momenta, determining form factors.
The Lorentz decomposition of the B−K∗ matrix element of the operator
O7, taking into account the gauge condition, the current conservation, the
spin symmetry and for the on-shell photon, gives the following hadronization
rate RK∗ :
6
RK∗ =
Γ(B → K∗γ)
Γ(b→ sγ) = [
mb(m
2
B −m2K∗)
mB(m2b −m2s)
]3(1 +
m2s
m2b
)−1|TK∗1 (0)|2. (8)
Since the first calculation of the hadronization rate RK∗ ≈ 6% by Desh-
pande at al.6 a large number of papers have reported RK∗ from the range of
5% to (unrealistic) 80%. Different methods have been employed, from sim-
ple quark models, QCD sum rules, HQET and chiral symmetry, QCD on the
lattice, light cone sum rules, to the perturbative QCD type of evaluations of
exclusive modes.6 In any event, the above form factor will be obtained in the
future from first-principle calculations on the lattice. Recently, it looks like
that the hadronization rate calculations have stabilized around 10%.
If long-distance (LD) and other nonperturbative effects are neglected, two
exclusive modes are connected by a simple relation
BR(B → ργ) = ξ2 |Vtd/Vts|2BR(B → K∗γ), (9)
2
where ξ measures the SU(3) breaking effects. They are typically of the order
of 30%.6 Misiak has reported the SD BR’s:7
BR(b→ dγ) = 1.61× 10−5;BR(B+ → ρ+γ) = [1, 4]× 10−6, (10)
BR(B0 → ρ0γ) = BR(B0 → ωγ) = [0.5, 2]× 10−6. (11)
4 LD Contributions to Inclusive/Exclusive B Decays
First note that LD corrections cannot be computed from first principles; it
is possible to estimate them phenomenologically.8 For instance, the operators
O1,2 contain the c¯c current. So one could imagine the c¯c pair propagating
through a long distance, forming intermediate c¯c states (off-shell J/ψ’s), which
turn into a photon via the vector meson dominance (VMD).
The total (SD + LD) amplitude for b→ d(s)γ is 8
M(b→ dγ) = −eGF
2
√
2
[VtbV
∗
td(
mb
4pi2
ceff7 (µ)−
2
3
a2
∑
i
g2ψi(0)
m2ψimb
)
− a2
mb
VubV
∗
ud(
2
3
∑
i
g2ψi(0)
m2ψi
− 1
2
g2ρ(0)
m2ρ
− 1
6
g2ω(0)
m2ω
)]d¯σµν(1 + γ5)bFµν . (12)
If in the above equation we replace the d by the s quark and forget the
last three terms, then we obtain the total amplitude for the b → sγ decay.
Deshpande et al8 have found a strong suppression when extrapolating gψ(m
2
ψ)
to gψ(0): g
2
ψ(1S)(0)/g
2
ψ(1S)(m
2
ψ) = 0.13 ± 0.04. The LD contributions to an
inclusive mode and to its exclusive modes are all found to be small, typically
one to two orders of magnitude below the SD’s.8
5 Discussion and Conclusions
Note that the so-called spectator-quark contributions9 and the first calculable
nonperturbative, essentialy long distance, correction10 to the inclusive rate
are of the order of a few percent. It has also been proved that the fermionic
(quarks and leptons) and photonic loop corrections to b→ sγ reduce BR(b→
sγ)/BR(b→ ceν¯) by ∼ 8± 2%.11 Consequently, it is more appropriate to use
αem = 1/137 for the real photon emission.
11,7
In general, we can conclude that, in theory, more effort is required in calcu-
lating quark (inclusive) decays through higher loops. A better understanding
of bound states of heavy-light quarks (B-meson ect.) and highly recoiled light-
quark bound states (K∗, ρ, . . . ) is desirable. This can be achived by inventing
3
new, more sophisticated (perturbative) methods12 and apply them to the cal-
culation of radiative B-meson decays, which incorporate the full spectrum of
quark bound states (K∗, ρ, K∗1 , . . . ). In experiment, with a larger amount of
data we might expect a stable but small increase of BR(b → sγ), a decrease
of BR(B → K∗γ), determinations of BR(B → K∗1γ) and BR(B → K∗2γ) and
first measurements of BR(b→ dγ) and BR(B → ργ).
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